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provenance, authenticity, production technology and degra-
dation due to environmental effects of art and archaeological 
objects; they may also contribute to the elaboration of con-
servation technologies. Therefore, several ion beam labora-
tories are dedicated to some extent to cultural heritage 
research. Although the fi rst applications in the CH fi eld dates 
back to 1990 in the IBA Lab, this kind of investigations were 
carried out in a rather sporadic way until the launch of the 
CHARISMA project in 2009. Since then archaeometry has 
grown to be the second largest area of applications, using up 
to 20-30% of beam time of the accelerator, serving both 
international and national users.
The IBA Lab offers complex ion beam analytical inves-
tigations at the scanning nuclear microprobe facility for 
cultural and natural heritage related research. The available 
beam size down to 1µm in vacuum provides an important 
tool for the determination of concentration and distribution 
of elements with high lateral resolution. The microprobe is 
Introduction
The Institute for Nuclear Research, Hungarian Academy of 
Sciences (MTA Atomki) is one of the leading establishments 
in atomic and subatomic physics in Hungary. In addition to 
basic research, the institute is devoted to the application of 
atomic and nuclear physics in the fi elds of environmental 
research, earth sciences, materials and surface science, bio-
medicine and, with an increasing interest, cultural heritage 
research.
A good amount of applied research in MTA Atomki is 
based on accelerators. The 5MV Van de Graaff accelerator 
has served as a base for the Laboratory of Ion Beam Analysis 
(IBA Lab) for decades. The IBA Lab is a multi-disciplinary 
facility: we are active in aerosol research, radiation chemistry, 
proton beam writing, just to name a few fi elds. Through 
determining the concentration and distribution of elements, 
ion beam analytical techniques can give information on 
Abstract. The Laboratory of Ion Beam Applications at MTA 
Atomki served as a Trans-National Access (TNA) host within the 
CHARISMA EU FP7 project. Although cultural heritage research 
is only one of the several applications in the laboratory, its 
importance is growing thanks to the success of CHARISMA. The 
variety of samples and analytical questions in this fi eld provides 
constant motivation for development of the instrumentation 
and adaptation of new techniques. We have special expertise in 
investigations with high lateral resolution and the PIXE analysis 
of lighter elements but we can also host projects when the 
in-vacuum measurements are not feasible, at our external micro-
beam set-up. We continue the TNA activity within the IPERION 
CH project.
Keywords. Ion beam analysis, nuclear microprobe, PIXE 
analysis, PIGE analysis, RBS analysis, archaeometry.
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Accès transnational dans le domaine des sciences 
du patrimoine au laboratoire d’applications 
des faisceaux d’ions du MTA-Atomki
Résumé. Le laboratoire d’applications des faisceaux d’ions au 
MTA-Atomki a servi de structure-hôte pour l’accès transnational 
dans le cadre du programme européen CHARISMA. Alors que 
l’étude des biens culturels n’est que l’une des applications dont 
s’occupe le laboratoire, elle acquiert une importance grandissante 
grâce au succès de CHARISMA. La diversité des échantillons 
et des questions d’analyse dans ce domaine constitue un moteur 
permanent de développement de l’instrumentation et de 
l’adaptation des nouvelles techniques. Nous possédons une 
expertise particulière dans l’imagerie à haute résolution latérale et 
la méthode PIXE d’analyse des éléments légers, mais nous pouvons 
accueillir dans notre équipement externe dédié aux micro-faisceaux 
les projets excluant les mesures sous vide. Nous poursuivons notre 
activité d’accès transnational dans le cadre du programme 
IPERION CH.
Mots-clés. Analyse par faisceaux d’ions, microsonde nucléaire, 
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equipped with a 5-axis goniometer (X-Y-Z translations and 
two rotations), optical microscope, camera and several radia-
tion and particle detectors. The available analytical techniques 
are particle induced X-ray emission (PIXE), Rutherford back-
scattering spectrometry (RBS), nuclear reaction analysis 
(NRA), particle induced γ-ray emission (PIGE), elastic recoil 
detection analysis (ERDA), proton elastic scattering analysis 
(PESA) and scanning transmission ion microscopy (STIM). 
The detectable elements cover the whole H–U range, although 
the sensitivities vary. Besides the quantitative elemental com-
position and distributions, areal density and depth profi le 
can also be determined on microscopic scale. An external 
micro-beam arrangement is also available for larger artefacts 
or objects sensitive to vacuum, although some of the IBA 
techniques are not applicable in this case.
Impact of the CHARISMA project on the IBA Lab
Based on the above capacities, approximately 1200 hours of 
beam time at the 5MV Van de Graaff accelerator was dedicated 
to the CHARISMA project. Twenty-three measurement 
campaigns were carried out; users arrived from Belgium, 
Bulgaria, Czech Republic, France, Greece, Finland, Germany, 
Poland and Romania. The investigated artefacts included 
metal threads from historical textiles, minerals, glass, Bronze 
Age and medieval metal objects, ceramics, etc. In all cases 
major, minor and trace elements were quantifi ed, most of the 
time by PIXE method, also assessing the distribution of ele-
ments. In some cases, γ-ray and particle detection techniques 
were also applied to measure light elements below the surface 
and to identify layer thicknesses, respectively.
The majority of projects came from the fi elds of archaeol-
ogy and archaeogeology, making use of the high lateral reso-
lution of the microprobe and the capability to detect light 
elements with PIXE in vacuum. The variety of materials and 
objects, as well as the analytical tasks provided continuous 
stimulation to improve our instrumental capacities. The 
external micro-beam set-up, for example, was developed based 
on the needs of end users. We also sharpened our skills in 
the analytical techniques, gaining new knowledge in specifi c 
areas of study. Although the measurements were part of a 
service with the beam time costs reimbursed by the EU, our 
contribution always extended beyond that of mere service 
providers as we grew into the role of genuine partners in 
archaeological and other cultural heritage related 
investigations.
Results were presented at various conferences mostly by 
the partners; several papers have already been published, the 
dissemination is still ongoing. With all these achievements, 
we successfully accomplished the CHARISMA TNA pro-
gramme. Furthermore, with the momentum given by 
CHARISMA to the cultural heritage related research in our 
laboratory, we stepped up the cooperation with local partners 
and also decided to continue research in several topics pro-
posed by CHARISMA TNA users. 
IPERION CH and beyond
As for the present, we are active in the continuation of the 
CHARISMA project, IPERION CH (Integrated Platform for 
the European Research Infrastructure ON Culture Heritage). The 
IBA Lab serves as a host for Trans-National Access. Moreover, 
combining the irradiating and analytical capacities with 
competences in materials science, MTA Atomki also con-
tributes to joint research improving methods and practices 
in cultural heritage diagnostics, especially concerning the 
safe boundaries of analysis. Complementary spectroscopic 
techniques such as infra-red (FT-IR), absorption (UV/VIS) 
and fl uorescence (e.g. IBIL) spectroscopy have recently 
been added to the list of tools to further extend the capa-
bilities of our facility. Although the 5MV Van de Graaff is 
still fully functional, MTA Atomki has decided to upgrade 
its accelerator centre with a Tandetron machine with excel-
lent operational parameters. The new accelerator was 
inaugurated in 2015 and we are currently developing its 
beamlines. 
Fig. 1. The nuclear microprobe. © Z. Szikszai.
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Fig. 2. The external set-up, using an add-on for the vacuum chamber. 
© Z. Szikszai.
Besides ion beam analysis, MTA Atomki is also engaged 
in cultural heritage research with carbon dating at the 
Hertelendi Laboratory of Environmental Studies (HEKAL). The 
accelerator based C-14 technique is available since 2011, giving 
another boost to the fi eld in our institution. Although AMS 
C-14 is not part of the IPERION CH TNA programme, we 
plan its integration into the future national hub of a possible 
pan-European research infrastructure in heritage science.
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